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Abstract 

Background: Acute exacerbations of chronic obstructive pulmonary disease (AECOPD) are thought to be 
associated with increased mortality in elderly patients. Low retinol-binding protein-4 (RBP4) is associated with a 
high risk of respiratory infections in the general population. Therefore, we hypothesized that low RBP4 levels are 
associated with an increased risk of AECOPD and can be used as a biomarker for AECOPD in elderly patients. 

Methods: Enzyme-linked immunosorbent assays were used to assess RBP4 levels in elderly with AECOPD within the 
first 24 hours after intensive care unit admission. Forty-six elderly patients with stable COPD in outpatient clinics 
and 50 healthy elderly persons who had physical examinations as outpatients were controls. 

Results: In AECOPD patients, RBP4 levels were lower than those in stable COPD patients and healthy controls 
(59.7 vs 91.2 and 1 13.6 mg/L, p < 0.001). RBP4 levels were decreased by 30.6% in non-survivors compared with 
survivors (51.5 vs 74.2 mg/L, p < 0.001). A higher Acute Physiology and Chronic Health Enquiry II (APACHE II) 
score and Simplified Acute Physiology score (SAPS II) were associated with lower RBP4 levels (r = -0.692, p = 0.024 
and r = -0.670, p = 0.015, respectively). RBP4 was positively correlated with creatinine and body mass index, and 
negatively correlated with C-reactive protein and Global Initiative for Chronic Obstructive Lung Disease stage. 
Multivariate logistic regression showed that RBP4 was an independent mortality predictor of AECOPD (odds ratio: 
0.926, p = 0.007). Analysis of the area under the receiver operating characteristic (AUC) curve showed that RBP4 
showed good discrimination (AUC: 0.88; 95% confidence interval: 0.78-0.94; p = 0.008) in predicting mortality. 
RBP4 improved the prognostic accuracy of mortality for the APACHE II and SAPS II scores. 

Conclusions: Serum RBP4 levels are significantly reduced in elderly AECOPD patients. RBP4 might be a good 
predictive biomarker for mortality in elderly AECOPD patients in the intensive care unit. 

Keywords: Acute exacerbations of chronic obstructive pulmonary disease, Retinol-binding protein-4, Predictor, 
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Background 

Chronic obstructive pulmonary disease (COPD) is a 
condition characterized by progressive airflow limitation, 
which causes considerable morbidity and mortality 
worldwide, and results in substantial social and economic 
burden [1]. Patients with acute exacerbations of chronic 
obstructive pulmonary disease (AECOPD), particularly 
elderly people, have high mortality rates and usually need 
admission to intensive care units (ICUs) [2]. Mortality 
rates of aged patients with AECOPD in ICU can be up to 
50% [3]. The risk of 90-day mortality is three times as 
great in elderly patients admitted with AECOPD as in 
younger patients [4] . Many factors have been identified as 
predictors of ICU mortality in patients with COPD [5], 
but the predictive value of the clinical parameters varies in 
different studies. 

Recently, considerable attention has been paid to 
adipocytokines, biologically active factors secreted by 
adipose tissue as an endocrine organ [6] . Several hormones 
secreted by adipose tissue have been identified to be 
involved in acute critical illness [7]. Adipose tissue is 
an important inflammatory source because of cytokines 
produced from the adipocyte itself, as well as owing to 
infiltration by proinflammatory macrophages [8]. Adipose 
tissue is a potent producer of inflammatory mediators and 
may contribute to systemic inflammation in COPD [9]. 
Adipokines are associated with the systemic inflammatory 
process during exacerbations of COPD [10]. 

Retinol-binding protein-4 (RBP4) is a molecule found in 
the circulation, thought to be secreted mainly by adipose 
tissue and the liver, and is a specific transporter for retinol 
in the circulation [11]. RBP4 has been identified as an 
adipokine involved in detection of insulin resistance and 
type 2 diabetes [12]. Recently, RBP4 has been extensively 
studied and is associated with various pathologies [13,14]. 
However, no studies have investigated the relationship 
between RBP4 and AECOPD. 

This study aimed to identify whether RBP4 is predictive 
for mortality among various risk factors in elderly AECOPD 
patients in the ICU. We report here that lower levels of 
plasma RBP4 have a higher risk of mortality and can be 
used for predicting prognosis in elderly AECOPD patients 
in the ICU. 

Methods 

Patients 

COPD was defined as dyspnea, chronic cough, or sputum 
production and/or a history of exposure to risk factors 
for the disease, and post-bronchodilator 1-second forced 
expiratory volume/forced vital capacity (FEVi/FVC) < 70% 
according to the Global Initiative for Chronic Obstructive 
Lung Disease (GOLD) guidelines [15]. Pulmonary function 
testing was performed in a hospital pulmonary function 
laboratory by trained technicians according to American 



Thoracic Society and European Respiratory Society standards 
and guidelines [16]. Mild, moderate, and severe COPD 
were defined based on GOLD guidelines as follows. 
Mild COPD was defined as an FEVi/FVC ratio < 0.7 and 
FEVi % >80% predicted. Moderate COPD was defined as 
an FEVi/FVC ratio < 0.7 and FEVi % 50-79% predicted. 
Severe COPD was defined as an FEVi/FVC ratio < 0.7 and 
FEVi % 30-49% predicted. Very severe COPD was defined 
as an FEVi/FVC ratio < 0.7 and FEVi % < 30% predicted. 

Patients with AECOPD admitted to the ICU must meet 
at least one of the following indications [17]: (1) severe 
dyspnea that responds inadequately to initial emergency 
therapy; (2) changes in mental status (confusion, lethargy, 
coma); (3) persistent or worsening hypoxemia (Pa02 < 5.3 
kPa, 40 mmHg), and/or severe/worsening of hypercapnia 
(PaC02 > 8.0 kPa, 60 mmHg), and/or severe/worsening 
of respiratory acidosis (pH < 7.25) despite supplemental 
oxygen and noninvasive ventilation; (4) the need for 
invasive mechanical ventilation; (5) hemodynamic in- 
stability and the requirement for vasopressors. Exclusion 
criteria included interstitial pneumonia, asthma, pulmonary 
tuberculosis, bronchiectasis, pulmonary fibrosis, and 
lung cancer according to clinical history and data [18]. 
Arterial blood gas analysis was completed immediately 
at ICU admission. 

Systemic inflammatory response syndrome (SIRS) accord- 
ing to international, standardized criteria [19] was charac- 
terized by the presence of at least two of the following 
four clinical criteria: (1) fever or hypothermia (temperature > 
38.0°C or < 36.0°C); (2) tachycardia (> 90 beats/min); (3) 
tachypnoea > 20 breaths/min or < 32 mmHg, or the need 
for mechanical ventilation support; (4) altered white blood 
cell (WBC) count (> 12 000 cells/ul or < 4000 cells/ul) or 
the presence of > 10% band forms. Sepsis was defined as 
SIRS with an infection based on the 1991 American College 
of Chest Physicians/Society of Critical Care Medicine Sepsis 
Directory [20]. 

According to the above criteria, a total of 100 patients 
admitted to the First and Sir Run Run Shaw Hospitals 
from September 2010 to February 2012 were recruited. 
Clinical data within the first 24 hours after ICU admission 
were collected. All patients were aged >65 years, with 
an ICU stay of >72 hours. All patients were scheduled 
for a follow-up visit until being discharged from the 
ICU (survivors) or they died in the ICU (non-survivors). 
To further analyze the prognostic role of RBP4 for 
AECOPD, we subdivided the patients according to 
whether they had type 2 diabetes mellitus (T2DM) or 
sepsis. T2DM was diagnosed according to American 
Diabetes Association criteria [21], and sepsis was defined 
during first 24 hours at the ICU admission. 

Forty-six stable (no exacerbations for at least 4 weeks 
prior to study entry) [18] COPD patients who had normal 
blood counts, liver enzymes, and C-reactive protein (CRP) 
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levels in outpatient clinics were included and 50 non- 
COPD healthy elderly people determined by physical 
examination as outpatients served as controls. 

Written informed consent was obtained from each 
participant or his or her spouse, and the study was 
approved by the local ethics committee (ethics committee 
of the First and Sir Run Run Shaw Hospitals, Zhejiang 
University, Zhejiang, China). 

Sample and data collection 

Routine blood analyses, including WBC, total bilirubin 
(TB), y-glutamyl transferase, albumin (ALB), blood urea 
nitrogen, serum creatinine (sCr), lactic acid (LA), CRP, 
B-type natriuretic peptide (BNP), procalcitonin (PCT), 
RBP4, and blood and sputum culture were immediately 
performed after admission to the ICU. RBP4 serum 
concentrations were measured by enzyme-linked im- 
munosorbent assay according to the manufacturer's 
instructions (Shanghai Resun Biotechnology Limited 
Company, Shanghai, China). BNP was measured by the 
electrochemiluminescence technique (cobas h 232 system, 
Roche, Germany). PCT was measured by enzyme link 
fluorescence assay (mini-VIDAS, automatic immune 
fluorescence analyzer, France). The homeostasis model 
assessment for insulin resistance (HOMA-IR) was used 
as a measurement of insulin resistance and was calculated 
as fasting plasma glucose (mmol/L) x fasting serum 
insulin (mU/mL)/22.5. The Acute Physiology and Chronic 
Health Evaluation (APACHE) II score, and Simplified 
Acute Physiology Score (SAPS II) were evaluated within 
the first 24 hours (day 1) after ICU admission. 

Data analysis 

For statistical analysis, measurements of RBP4, ALB, LA, 
PCT, and CRP were logarithmically transformed to obtain 
normal distributions (Kolmogorov-Smirnov test, p > 0.05). 
Data are presented as mean and standard deviation, or 
median and interquartile range, as appropriate. Fisher's 
exact was used for comparison of the primary disease 
between the non-survivor group and the survivor group. 
For comparison of study variables between the two 
groups, the Student's t-test or Mann- Whitney U test 
was performed. Pearson's correlation coefficients were 
calculated to evaluate the relationship between serum 



RBP4 levels and other clinical and metabolic variables. 
We assessed the risk factors for ICU mortality using 
univariate analysis and multiple logistic regression analysis 
to determine independent factors and dependent factors 
for prognosis. 

We compared the number of risk factors for the death 
probability of AECOPD. Discrimination was calculated 
using area under the curve (AUC) values. The AUC 
values were compared using a nonparametric approach. 
AUC analysis was also used to calculate the cut-off 
values, sensitivity, specificity, and overall correctness. 
Finally, cut-off points were calculated by calculating the 
best Youden index (sensitivity+specificity-1). Cumulative 
survival curves as a function of time were plotted using 
the Kaplan-Meier approach and were compared using the 
log rank test. A p value < 0.05 was considered statistically 
significant. All statistical analyses were performed using 
SPSS 15.0 (SPSS, Chicago, IL). 

Results 

RBP4 serum levels are significantly reduced in AECOPD 
patients compared with stable COPD patients and 
healthy controls 

The median serum concentration of RBP4 in stable COPD 
was 91.2 mg/L and in healthy controls it was 113.6 mg/L. 
AECOPD patients had significantly reduced serum RBP4 
concentrations compared with stable COPD patients and 
healthy controls (median, 59.7 vs. 91.2 and 113.6 mg/L, 
p < 0.001; Table 1). AECOPD patients had a lower body 
mass index (BMI) compared with stable COPD patients 
and healthy controls (median, 20.7 vs. 21.6 and 23.4, 
p < 0.01). Serum RBP4 levels were different between 
male and female patients. 

Descriptive characteristics of the patients 

A total of 100 AECOPD patients meeting ICU admission 
standards [22] were included in this study. The median 
age was 76 years and 26% were females. In 54 patients 
(54%), SIRS with evidence of underlying infection was 
found. The principal diagnoses in these patients included 
diabetes (n = 26), coronary heart disease (n = 57), hyperten- 
sion (n = 58), cerebrovascular disease (n = 43), renal failure 
(n = 21), and respiratory failure (n = 76). The median length 
of stay in the medical ICU was 12 days. Risk assessment on 



Table 1 Comparison among ICU AECOPD patients, stable COPD patients, and healthy controls 


Parameter 


AECOPD 


Stable COPD 


Healthy controls 


p value 


Number 


100 


46 


50 




Sex (male/female) 


72/28 


34/12 


34/16 


ns 


Age median (range)(yr) 


76 (66-91) 


75 (65-89) 


75 (65-86) 


ns 


BMI median (range)(m 2 /kg) 


20.7 (1 7.2-26.4) 


21.6* (17.8-27.5) 


23.4** (19.5-26.8) 


< 0.01 


RBP4 median(range)(mg/L) 


59.7 (21.3-128.6) 


91.2* (42.1-343.9) 


113.6** (57.2-369.2) 


< 0.001 



BMI, body mass index; RBP4, retinol-binding protein-4. ns, not significant; *p < 0.01, AECOPD vs stable COPD; **p < 0.001, stable COPD vs healthy controls. 
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admission to the ICU showed a median APACHE II score 
of 24 points and a median SAPS II score of 40. Spirometry 
confirmed that all patients had moderate to very severe 
COPD (GOLD II-IV). Mean FEVi was 40% predicted 
(range, 24-66%), and the mean FEVi/FVC ratio was 45% 
(28-63%). 

A total of 64 patients (48 males, 16 females) who died 
were included in the non-survivor group and 36 patients 
(26 males, 10 females) who survived were included in 
the survivor group. The distributions of sex, age, primary 



diseases (diabetes, coronary heart disease, hypertension, 
cerebrovascular disease, and renal failure), ICU days, 
pulmonary function, and blood gas analysis tests were 
not significantly different between the two groups. 
Premorbid diseases have not been shown to be predictive 
of outcome. The durations of AECOPD, APACHE II and 
SAPS II scores, mechanical ventilation, and ventilation 
time were significantly elevated in the non-survivor 
group compared with the survivor group (p < 0.05 or < 
0.01, Table 2). 



Table 2 Baseline characteristics of 100 patients presenting with AECOPD to the ICU within the first 24 hours 


Parameter 


All patients 


Survivors 


Non-survivors 


p value 


Number 


100 


36 


64 




Sex(male/female) 


72/28 


26/10 


48/16 


0.761 


Age median (yr) 


76 (66-91) 


74 (66-88) 


77 (66-91) 


0.799 


Duration of COPD (mo) 


201 (18-350) 


199 (18-328) 


204 (22-350) 


0.61 1 


Duration of AECOPD (d) 


8 (1-17) 


6 (1-16) 


9* (2-17) 


0.004 


ICU days median (d) 


1 2 (3-28) 


1 1 (3-28) 


13 (5-28) 


0.073 


FEV! (%predicted) 


40 (24-66) 


43 (28-66) 


38 (24-64) 


0.224 


FVC (% predicted) 


71 (47-85) 


74 (49-85) 


68 (47-81) 


0.218 


FEvyFVC ratio (%) 


45 (28-63) 


48 (30-63) 


A ^ /~\CI f C\\ 

43 (28-60) 


0.41 8 


PH 


7.37 (7.21-7.52) 


7.40 (7.21-7.49) 


7.36 (7.21-7.52) 


0.781 


Pa0 2 (mm Hg) 


63 (54-88) 


/If lC~J CiCi\ 

66 (57-88) 


,t "H I C A CI A\ 

62 (54-84) 


0.556 


PaC0 2 (mm Hg) 


65 (38-88) 


68 (42-84) 


/~ O /~) Ci Ci Ci\ 

63 (38-88) 


0.218 


Severity of COPD 










GOLD stage II (moderate), n (%) 


1 a 1 ' 1 An/ \ 

14(14%) 


1 2(33.33%) 


2(3.1 3%) 


< 0.001 


bULU stage in (severej, n (yoj 


oU(oUyoJ 


ZU(DD.jD70) 


4U(,OZ.D70) 


< U.UU I 


GOLD stage IV (very severe), n (%) 


26(26%) 


4(11.11%) 


22(34.37%) 


< 0.001 


APACHE-II score 


24 (18-38) 


22 (18-37) 


25** (19-38) 


0.001 


SAPS II score 


40 (22-62) 


38 (22-60) 


42** (24-70) 


0.001 


BMI (m 2 /kg) 


20.7 (17.2-26.4) 


20.9 (18.3-26.0) 


20.6 (17.2-26.4) 


0.072 


Caloric intake (kcal/d) 


1274 (922-1689) 


1418 (1220-1689) 


1100** (922-1425) 


0.001 


SIRS, n (%) 


71(71%) 


20(55.56%) 


48(75%)* 


0.045 


Sepsis, n (%) 


54(54%) 


1 2(33.33%) 


42(65.63%)** 


0.002 


White blood cells (10 9 /L) 


12.3 (1.8-32.2) 


1 2.5 (2.0-30.6) 


12.2 (1.8-32.2) 


0.073 


BNP (pg/ml) 


546 (176-1208) 


455 (176-1010) 


557 (221-1208) 


0.069 


Total bilirubin (umol/L) 


22.5 (4.2-55.7) 


21.7 


23.5* (54-55.7) 


0.047 






(4.2-434) 






Serum albumin (g/L) 


3.1 (2.2-4.4) 


3.2 (2.6-4.4) 


3.0 (2.2-3.8) 


0.173 


Serum creatinine (mg/dl) 


1 .3 (0.5-3.2) 


1.2 (0.6-3.1) 


1 .3 (0.5-3.2) 


0.279 


Lactic acid (mmol/L) 


2.2 (0.8-5.3) 


2.1 (0.8-4.7) 


2.3* (0.8-5.3) 


0.038 


C-reactive protein (mg/dl) 


49 (15-229) 


52 (34-203) 


48 (15-229) 


0.066 


Procalcitonin (ug/L) 


2.8 (0.5-15.7) 


2.7 (0.5-12.4) 


2.9 (1.7-15.7) 


0.051 


RBP-4 (mg/L) 


59.7 (21.3-128.6) 


74.2 (32.6-128.6) 


51.5** (21.3-84.2) 


0.001 



ICU, intensive care unit; FEVi, 1 -second forced expiratory volume; FVC, forced vital capacity; APACHE, acute physiology and chronic health evaluation; SAPS, 
simplified acute physiology score; BMI, body mass index; SIRS, systemic inflammatory response syndrome; BNP, B-type natriuretic peptide; RBP4, Retinol-binding 
protein-4. Compared with Survivors, *p < 0.05, **p < 0.01. 
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Comparison between survivors and non-survivors 

We investigated whether serum RBP4 concentrations upon 
ICU admission can predict clinical outcome and mortality. 
Interestingly, patients who died during ICU hospitalization 
(64/100) displayed significantly lower serum RBP4 
concentrations than patients who survived (mg/L; 51.5 
[21.3-84.2] vs 74.2 [32.6-128.6], p < 0.001) (Figure la). In 
survivors, differences were more pronounced in the 
APACHE II score (p = 0.008), the SAPS II score (p = 0.005), 
LA (p = 0.032), TB {p = 0.044), duration of AECOPD 
(p = 0.037), and ventilation time (p = 0.001) compared 
with non-survivors. By contrast, WBC {p = 0.06), CRP 
{p = 0.08), PCT levels (p = 0.24), and FEVj (p = 0.224) 
were similar in the survivor and non-survivor groups. 
In addition, BMI (p = 0.072), metabolic parameters on 
admission, including glucose (p = 0.57), and ALB levels 
(p = 0.33) were not different between survivors and 
non-survivors (Table 2). Severe COPD (GOLD III-IV) 
mortality rate was 72.1%. The higher the GOLD grade, 
the higher the mortality rate, with the risk of mortality 
related to the GOLD classification [23]. RBP4 levels were 
negatively correlated with GOLD stage by Pearson's 
correlation (r = -0.34, p = 0.001). 



RBP4 levels in AECOPD patients with sepsis and those 
without sepsis 

AECOPD is frequently associated with SIRS, which evolves 
into septic shock and has a high mortality. To investigate 
the role of RBP4 levels in AECOPD with sepsis, patients 
were classified into those with sepsis and those without 
sepsis. We found that AECOPD patients with sepsis had 
significantly lower RBP4 levels compared with patients 
without sepsis (mg/L; 47.4 [21.9-82.4] vs 83.1 [23.3- 
128.6], p = 0.008) (Figure lb). In all patients, RBP4 levels 
decreased with increased severity of the disease. High-risk 
patients in the highest quartile of the APACHE II score 
and in the highest quartile of the SAPS II score had signifi- 
cantly lower RBP4 concentrations (r = -0.692, p = 0.024 
and r = -0.670,;? = 0.015) (Figure 2a, b). 



RBP4 levels in AECOPD patients with diabetes and those 
without diabetes 

In our study, DM was not a crucial factor of prognosis 
in AECOPD patients (Table 2). RBP4 levels were not 
different between patients with and those without pre- 
existing T2DM on admission to the ICU (mg/L; 72.2 
[24.7-128.6] vs 68.6 [21.3-119.2], p = 0.774) (Figure lc). 
RBP4 concentrations in patients with diabetes were not 
correlated with insulin sensitivity as calculated by the 
HOMA-IR (r = 0.473, p = 0.218, Figure 2c). 

Factors affecting RBP4 levels 

RBP4 levels were not correlated with age in AECOPD 
(r = -0.002, p = 0.988) (Figure 3a). RBP4 levels were 
associated with liver, renal, and heart function. Liver 
function was identified as a strong predictor of RBP4 
because RBP4 levels were directly correlated with parame- 
ters indicating the liver's biosynthetic capacity, such as TB 
(r = -0.252, = 0.011) (Figure 3b). RBP4 levels were also 
correlated with markers of renal failure, specifically sCr 
(r = 0.224, p = 0.005) (Figure 3c), but they were not 
correlated with BNP (r = -0.005, p = 0.958) (Figure 3d) 
and ALB (r = 0.199, p = 0.057) levels (Figure 3e). BMI had 
a significant effect on RBP4 levels in AECOPD patients 
(r = 0.205, p = 0.043) (Figure 3f). There was an inverse 
correlation between RBP4 levels and CRP levels (r = -0.183, 
p = 0.044) (Figure 3g), while no correlation between 
RBP4 and PCT levels was found (r = -0.073, p = 0.472) 
(Figure 3h). 

RBP4 is a prognostic marker of mortality in 
AECOPD patients 

To assess the prediction of RBP4 on the prognosis of 
mortality of AECOPD patients, we performed univariate 
and multivariate logistic regression, which compared the 
prognostic values of RBP4 and other well known risk 
factors, including age, BMI, the APACHE II score, the 
SAPS II score, glucose levels, TB levels, WBC, LA, CRP 
levels, and PCT levels. As shown in Table 3, RBP4, LA, 
TB, the APACHE II score, and the SAPS II score were 



pO.001 



No survivors 



p=0.008 




b 




• 






• 






• • . • 










A A A 


.t t %. 
*. • . • 












. .*• • .* .• 




A A 
At A 






A J /a 












A* * 

A 


• .•• • 

• 




sepsis 


No sepsis 





p=0.774 



• . * 



Figure 1 RBP4 levels in AECOPD patients among the different groups, (a) RBP4 levels in survivors and non-survivors, (b) RBP4 in patients 
with sepsis and those without sepsis, (c) RBP4 levels in patients with diabetes and those without diabetes. 
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significant predictors of ICU mortality. Comparison 
among discriminatory values of the nine risk factors is 
also shown in Table 4. The discriminatory ability of 
RBP4 with the AUC was 0.88 (95% confidence interval 
[CI] [0.78-0.94)],/? = 0.008), the APACHE II score with 
the AUC was 0.75 (95% CI [0.66-0.84], p = 0.036), and 
the SAPS II score with the AUC was 0.77 (95% CI 
[0.67-0.86], p = 0.028). AUC analysis showed that 
RBP4 has the best discriminatory power. A combined 
model including RBP4 and the APACHE II score (AUC: 
0.75 vs 0.78, p = 0.042) improved the prognostic accuracy 
compared with the APACHE II score alone. Similarly, 
RBP4 tended to improve the prognostic accuracy of the 
SAPS II score in a combined model (AUC: 0.77 vs 0.81, 
p = 0.033). 



Discussion 

In this study, we showed that elderly AECOPD patients 
in the ICU had severe disease and high mortality, and 
RBP4 levels were lower in non-survivors than survivors. 
Lower RBP4 levels were accompanied by a higher mortality. 
For the subgroups, RBP4 serum levels were lower in 
patients with sepsis than in those without sepsis. RBP4 
was an independent predictor of mortality of AECOPD 
in elderly patients in the ICU. 

RBP4, the circulating transporter for vitamin A, is synthe- 
sized in the liver and adipose tissue. RBP4 levels in patients 
with AECOPD were significantly lower than those in stable 
COPD and healthy subjects, as anticipated from previous 
studies using the same assay [24]. RBP4 is elevated in 
T2DM and is linked to insulin resistance [12,14,22]. 





Figure 3 Correlations between RBP4 levels and other risk factors, (a) Correlation between RBP4 levels and age (r = -0.002, p = 0.988). (b) 
Correlation between RBP4 levels and TB (total bilirubin) (r = -0.252, p = 0.01 1). (c) Correlation between RBP4 levels and sCr (r = 0.224, p = 0.005). 
(d) Correlation between RBP4 levels and BNP (r = -0.005, p = 0.958). (e) Correlation between RBP4 levels and ALB (r = 0.1 99, p = 0.057). (f) 
Correlation between RBP4 levels and BMI (r = 0.205, p = 0.043). (g) Correlation between RBP4 levels and CRP (r = -0.183, p = 0.044). (h) 
Correlation between RBP4 levels and PCT (r = -0.073, p = 0.472). 
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Table 3 Prediction of mortality of AECOPD by univariate and multivariate logistic regression analyses 



Predictor 



Univariate 



Multivariate 





OR 


95% CI 


p value 


OR 


95% CI 


p value 


Sex 


1.260 


0.846-1 .505 


0.718 


1.017 


0.822-1 .627 


0.973 


Age 


1.099 


0.979-1.235 


0.110 


1.028 


0.836-1.412 


0.209 


BMI 


1.355 


0.776-1.634 


0.247 


1.177 


0.735-1.709 


0.466 


APACHE II 


2.112 


1.872-3.991 


0.009 


1.978 


1.607-4.212 


0.023 


SAPSII score 


2.371 


1 .846-4.957 


0.004 


2.043 


1.582-5.213 


0.012 


OIULUSt: ItrVclb 


1 367 




0 251 


1 209 


u.o*+ l — z.co*+ 


0418 


Albumin 


0.957 


0.791-1.248 


0.076 


0.855 


0.722-1.377 


0.107 


White blood cells 


1.977 


0.953-2.110 


0.954 


1.843 


0.921-2.232 


1.021 


Total bilirubin 


1.173 


1.021-4.336 


0.032 


1.076 


1 .009-4.455 


0.048 


BNP 


1.721 


0.996-3.018 


0.056 


1.237 


0.811-3.247 


0.081 


Lactic acid 


1.315 


1.223-7.753 


0.022 


1.202 


1.176-7.802 


0.041 


CRP 


1.413 


0.993-3.034 


0.189 


1.244 


0.928-3.149 


0.224 


Procalcitonin 


1.759 


0.964-3.021 


0.051 


1.611 


0.872-3.178 


0.084 


RBP4 


0.992 


0.895-0.995 


0.001 


0.926 


0.867-0.997 


0.007 



BMI, body mass index; APACHE, acute physiology and chronic health evaluation; SAPS, simplified acute physiology score; BNP, B-type natriuretic peptide; 
C-reactive protein; RBP4, retinol binding protein-4; CI, confidence interval. 



CRP, 



However, in our study, RBP4 levels were not different 
between patients with and those without preexisting 
T2DM on admission to the ICU. This may have been 
affected by therapy (for example, insulin, glucose and 
catecholamine infusions). In addition, AECOPD patients 
reach an advanced state of inflammation where RBP4 is 
negligible in insulin resistance [25]. 

Serum RBP4 levels were associated with nutritional 
status in COPD patients. Nutritional status is related to 
respiratory impairment and systemic inflammation in 
patients with AECOPD [19]. Malnutrition increases the 
incidence of complications and mortality, and can be 

Table 4 Receiver operating curves for the prediction of 
mortality (n = 64) in all 100 AECOPD patients on 
admission 



Parameter 


AUC (95% CI) 


p value 


RBP4 


0.88(0.78-0.94) 


0.008 


White blood cells 


0.59(0.54-0.72) 


0.069 


C-reactive protein 


0.62(0.58-0.77) 


0.372 


Total bilirubin 


0.69(0.61-0.79) 


0.057 


BNP 


0.66(0.52-0.81) 


0.083 


Lactic acid 


0.73(0.51-0.83) 


0.054 


Procalcitonin 


0.71(0.52-0.82) 


0.096 


APACHE II 


0.75(0.66-0.84) 


0.036 


Combined model (APACHE II/RBP4) 


0.78(0.71-0.88) 


0.042 


SAPS II 


0.77(0.67-0.86) 


0.028 


Combined model (SAPS 11/ RBP4) 


0.81(0.71-0.91) 


0.033 



BNP, B-type natriuretic peptide; APACHE, acute physiology and chronic health 
evaluation; SAPS, simplified acute physiology score; AUC, area under the ROC 
curve; CI, confidence interval. 



identified as a risk factor associated with short-term 
mortality of elderly patients admitted for AECOPD [20]. 
Low BMI has been shown to be an independent predictor 
of in-hospital mortality [24]. In AECOPD patients, low 
BMI is associated with a higher degree of bronchial 
obstruction and pulmonary hyperinflation [17]. AECOPD 
patients have a high risk of malnutrition because of limited 
caloric intake and increased energy expenditure, and 
the use of mechanical ventilation altered catabolism 
[17]. Our results showed that BMI in AECOPD patients 
was significantly lower than that in stable COPD patients. 
Serum RBP4 levels were significantly lower in AECOPD 
patients with a worse nutritional status, and non-survivors' 
daily intake of calories (1100 kcal/d) was significantly lower 
than the survivors' intake (1418 kcal/d). We found that 
RBP4 levels were positively associated with BMI. Severe 
calorie restriction with weight loss reduces circulating 
RBP4 levels, and calorie restriction reduces adipose tissue 
messenger ribonucleic acid expression of RBP4 [23]. 
Reduction of RBP4 could be a protective mechanism to 
prevent the organism from developing insulin resistance 
in an acute inflammatory state and weight loss [26] . RBP4 
expression increases with increasing adipose tissue mass 
and dietary intake of nutrients can modulate RBP4 
concentrations [27]. There is a causal relation between 
serum RBP4 levels and adipose tissue mass [28,29]. 
RBP4 mRNA and protein expressions are high in over- 
weight/obese people [30]. In different conditions, RBP4 
genetic variants induce RBP4 expression changes in 
mRNA and protein levels [31]. Regulatory single- 
nucleotide polymorphism in the RBP4 gene modifies 
its expression in adipocytes, and RBP4 levels are 
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correlated with insulin-mediated glucose uptake and 
are associated with BMI [32]. 

Multivariate logistic regression analysis showed that 
RBP4 was an independent predictor of mortality. In the 
assessment and management of critically ill patients, 
knowledge of prognostic factors is crucial to estimate 
the risk for mortality. Receiver operating curves for the 
prediction of mortality indicated that RBP4 with an 
AUC of 0.88 was higher than those of the clinical 
scores (APACHE II and SAPS II scores, AUC: 0.75 and 
0.77). Our study shows that measurement of RBP4 levels 
has a high prognostic use as an early and independent risk 
predictor for potential death to complement and thereby 
improve the APACHE II and SAPS II scores. Aged 
patients with low serum RBP4 levels caused by AECOPD 
might have a poor prognosis. 

The possible role of low RBP4 concentrations observed 
in the circulation of AECOPD patients is unclear. We 
consider that at least five reasons may explain this finding. 
The first reason might involve inflammation. RBP4 levels 
are reduced with individual stress levels of patients, and 
thus mirror the stress associated with the severity and 
extent of illness [8]. Tumor necrosis factor-a strongly 
down-regulates the production of RBP4 in primary 
human adipocytes [33]. Inhibition of gene expression 
and production of RBP4 by macrophages has been 
documented after exposure to bacterial endotoxins, such 
as Escherichia coli lipopolysaccharide [34]. We found that 
CRP and RBP4 levels were negatively correlated. A second 
reason might be insufficient daily calorie intake. Weight 
loss and severe calorie restriction promotes reduction 
in adipose tissue and plasma levels of RBP4 [23]. Third, 
the liver is the main source of RBP4 in humans, and 
the non-survivor group had significantly increased TB 
serum concentrations compared with the survivor group. 
Consequently, reduced serum RBP4 levels in patients are 
closely associated with liver function [35]. Fourth, critically 
ill or aged patients are more likely to have vitamin A 
deficiency. Patients with inflammatory diseases might 
benefit from vitamin A supplementation during inflamma- 
tory injury. Retinoic acid plays a protective role against 
tumor necrosis factor-ct-induced lung injury [36]. Fifth, 
theoretically, an increase in RBP4 consumption, or removal 
increased by extravasation due to capillary leakage or 
increased metabolic clearance [14], may play a role. 

Conclusions 

Serum RBP4 levels in AECOPD patients are correlated 
with liver and kidney functions, nutritional status, and 
disease stage, but not serum HOMA-IR, and are an 
independent factor of overall survival in elderly AECOPD 
patients. In the ICU, AECOPD patients with RBP4 
deficiency have a greater risk for short-term hospital 
mortality, and require more intensive surveillance. In 



addition, we should pay more attention to the function 
of RBP4 as a potential determinant of prognosis. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

All authors helped to draft the manuscript and critically revise it. All authors 
agreed about the content of the paper and have read the manuscript and 
approved its submission. JQH and CYL conceived and designed the 
experiments. CYL and LYF collected the data. HXJ and JQH participated 
in statistical analysis. 

Acknowledgements 

We thank all the investigators and patients who kindly participated in the 
study. We thank research nurses from the First affiliated Hospital and Sir Run 
Run Shaw Hospital, Zhejiang University School of Medicine, for assistance in 
this investigation. We thank Dong-xia Sheng for help in revising the paper. 

Author details 

1 Department of Geriatric Medicine, The Second Affiliated Hospital of 
Zhejiang University School of Medicine, Hangzhou, Zhejiang Province, China, 
department of ICU, Sir Run Run Shaw Hospital of Zhejiang University 
School of Medicine, Hangzhou, Zhejiang Province, China, department of 
Clinical Laboratory, The First affiliated Hospital of Zhejiang University School 
of Medicine, Hangzhou, Zhejiang Province, China, department of 
Emergency Medicine, Editorial Board of the Chinese Journal of Emergency 
Medicine, The Second affiliated Hospital of Zhejiang University School of 
Medicine, Hangzhou, Zhejiang Province, China. 

Received: 3 December 2012 Accepted: 26 September 2013 
Published: 7 October 2013 

References 

1. Wouters EF: Economic analysis of the Confronting COPD survey: an 
overview of results. Respir Med 2003, 97(Suppl Q3-14. 

2. Ai-Ping C, Lee KH, Lim TK: In-hospital and 5-year mortality of patients 
treated in the ICU for acute exacerbation of COPD: a retrospective study. 
Chest 2005, 128:518-524. 

3. American Thoracic Society Statement: Standards for the diagnosis and 
care of patients with chronic obstructive pulmonary disease. 

Am J Respir Crit Care Med 1 995, 1 52:S77-S1 20. 

4. Connolly MJ, Lowe D, Anstey K, Hosker HS, Pearson MG, Roberts CM: 
Admissions to hospital with exacerbations of chronic obstructive 
pulmonary disease: Effect of age related factors and service 
organisation. Thorax 2006, 61:843-848. 

5. Groenewegen KH, Schols AMWJ, Wouters EFM: Mortality and 
mortality-related factors after hospitalization for acute exacerbation of 
COPD. Chest 2003, 124:459-467. 

6. Galic S, Oakhill JS, Steinberg G: Adipose tissue as an endocrine organ. 
Mol Cell Endocrinol 201 0, 31 6:1 29-1 39. 

7. Koch A, Weiskirchen R, Sanson E, Zimmermann HW, Voigt S, Duckers H, 
Trautwein C, Tacke F: Circulating retinol binding protein 4 in critically ill 
patients before specific treatment: prognostic impact and correlation with 
organ function, metabolism and inflammation. Crit Care 2010, 1 4:R1 79. 

8. Fernandez-Real JM, Pickup JC: Innate immunity, insulin resistance and 
type 2 diabetes. Trends Endocrinol Metab 2008, 19:10-16. 

9. van den Borst B, Gosker HR, Wesseling G, de Jager W, Hellwig VA, 
Snepvangers FJ, Schols AM: Low-grade adipose tissue inflammation in 
patients with mild-to-moderate chronic obstructive pulmonary disease. 
Am J Clin Nutr 201 1 , 94:1 504-1 51 2. 

10. Krommidas G, Kostikas K, Papatheodorou G, Koutsokera A, Gourgoulianis Kl, 
Roussos C, Koulouris NG, Loukides S: Plasma leptin and adiponectin in 
COPD exacerbations: associations with inflammatory biomarkers. 
Respir Med 2010, 104:40-46. 

1 1 . Yang Q, Graham TE, Mody N, Preitner F, Peroni OD, Zabolotny JM, Kotani K, 
Quadro L, Kahn BB: Serum retinol binding protein 4 contributes to insulin 
resistance in obesity and type 2 diabetes. Nature 2005, 436:356-362. 

12. Graham TE, Yang Q, Bluher M, Hammarstedt A, Ciaraldi TP, Henry RR, Wason 
CJ, Oberbach A, Jansson PA, Smith U, Kahn BB: Retinol-binding protein 4 



Jin et al. Journal of Inflammation 2013, 10:31 
http://www.journal-inflammation.eom/content/10/1/31 



Page 9 of 9 



1 6. 



17. 



and insulin resistance in lean, obese, and diabetic subjects. N Engl J Med 
2006, 354:2552-2563. 

1 3. Bobbert P, Weithauser A, Andres J, Bobbert T, Ku hl U, Schultheiss HP, Rauch U, 
Skurk C: Increased plasma retinol binding protein 4 levels in patients with 
inflammatory cardiomyopathy. Eur J Heart Fail 2009, 11:11 63-1 168. 

14. Stuck BJ, Kahn BB: Retinol-binding protein 4 (RBP4): a biomarker for 
subclinical atherosclerosis? Am J Hypertens 2009, 22:948-949. 

1 5. Global Strategy for the Diagnosis, Management and prevention of Chronic 
Obstructive Pulmonary Disease. (2009)Global Initiative for Chronic obstructive 
Lung Disease (GOLD), www.goldcopd.com. 

Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, Crapo R, 
Enright P, van der Grinten CP, Gustafsson P, Jensen R, Johnson DC, 
Maclntyre N, McKay R, Navajas D, Pedersen OF, Pellegrino R, Viegi G, 
Wanger J: Standardisation of spirometry. Eur Respir J 2005, 26:319-338. 
Skyba P, Kluchova Z, Joppa P, Petrasova D, Tkacova R: Nutritional status in 
relation to respiratory impairment and systemic inflammation in patients 
with acute exacerbations of COPD. Med Sci Monit 2009, 15:CR528-CR533. 

18. Westwood M, Bourbeau J, Jones PW, Cerulli A, Capkun-Niggli G, Worthy G: 
Relationship between FEV1 change and patient-reported outcomes in 
randomised trials of inhaled bronchodilators for stable COPD: a 
systematic review. Respir Res 201 1 , 1 2:40. 

1 9. Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, Schein RM, 
Sibbald WJ: Definitions for sepsis and organ failure and guidelines for 
the use of innovative therapies in sepsis. The ACCP/SCCM Consensus 
Conference Committee. American College of Chest Physicians/Society of 
Critical Care Medicine. Chest 1992, 101:1644-1655. 

20. American College of Chest Physicians/Society of Critical Care Medicine 
Consensus Conference: Definitions for sepsis and organ failure and 
guidelines for the use of innovative therapies in sepsis. Crit Care Med 
1992, 20:864-874. 

21. American Diabetes Association: Diagnosis and classification of diabetes 
mellitus. Diabetes Care 2005, 28:S37-S42. 

22. Wolf G: Serum retinol-binding protein: a link between obesity, insulin 
resistance, and type 2 diabetes. Nutr Rev 2007, 65:251-256. 

23. Vitkova M, Klimcakova E, Kovacikova M, Valle C, Mora C, Polak J, Hanacek J, 
Capel F, Viguerie N, Richterova B, Bajzova M, Hejnova J, Stich V, Langin D: 
Plasma levels and adipose tissue messenger ribonucleic acid expression 
of retinol-binding protein 4 are reduced during calorie restriction in 
obese subjects but are not related to diet-induced changes in insulin 
sensitivity. J Clin Endocrinol Metab 2007, 92:2330-2335. 

24. Landi F, Onder G, Gambassi G, Redone C, Carbonin P, Bernabei R: Body 
mass index and mortality among hospitalized patients. Arch Intern Med 
2000, 160:2641-2644. 

25. Orseen J, Hosooka T, Hammarstedt A, Yore MM, Kant S, Aryal P, Kiernan UA, 
Phillips DA, Maruyama H, Kraus BJ, Usheva A, Davis RJ, Smith U, Kahn BB: 
Retinol-Binding Protein 4 Inhibits Insulin Signaling in Adipocytes by 
Inducing Proinflammatory Cytokines in Macrophages through a c-Jun 
N-Terminal Kinase- and Toll-Like Receptor 4-Dependent and Retinol- 
Independent Mechanism. Mol Cell Biol 2012, 32:2010-2019. 

26. Haider DG, Schindler K, Prager G, Bohdjalian A, Luger A, Wolzt M, Ludvik B: 
Serum retinol-binding protein 4 is reduced after weight loss in morbidly 
obese subjects. J Clin Endocrinol Metab 2007, 92:1 1 68-1 1 71 . 

27. Hermsdorff HH, Zulet MA, Puchau B, Bressan J, Martinez JA: Association of 
retinol-binding protein-4 with dietary selenium intake and other lifestyle 
features in young healthy women. Nutrition 2009, 25:392-399. 

28. Rhie YJ, Choi BM, Eun SH, Son CS, Park SH, Lee KH: Association of serum 
retinol binding protein 4 with adiposity and pubertal development in 
Korean children and adolescents. J Korean Med Sci 201 1, 26:797-802. 

29. Friebe D, Neef M, Erbs S, Dittrich K, Kratzsch J, Kovacs P, Bluher M, Kiess W, 
Korner A: Retinol binding protein 4 (RBP4) is primarily associated with 
adipose tissue mass in children. Int J Pediatr Obes 201 1, 6:e345-e352. 

30. Kldting N, Graham TE, Berndt J, Kralisch S, Kovacs P, Wason CJ, Fasshauer M, 
Schon MR, Stumvoll M, Bluher M, Kahn BB: Serum retinol-binding protein 
is more highly expressed in visceral than in subcutaneous adipose tissue 
and is a marker of intra-abdominal fat mass. Cell Metab 2007, 6:79-87. 

31. Kovacs P, Geyer M, Berndt J, Kloting N, Graham TE, Bdttcher Y, Enigk B, 
Tdnjes A, Schleinitz D, Schdn MR, Kahn BB, Bluher M, Stumvoll M: Effects of 
genetic variation in the human retinol binding protein-4 gene (RBP4) on 
insulin resistance and fat depot-specific mRNA expression. Diabetes 2007, 
12:3095-3100. 



32. 



33. 



34. 



35. 



36. 



Munkhtulga L, Nagashima S, Nakayama K, Utsumi N, Yanagisawa Y, Gotoh T, 
Omi T, Kumada M, Zolzaya K, Lkhagvasuren T, Kagawa Y, Fujiwara H, Hosoya 
Y, Hyodo M, Horie H, Kojima M, Ishibashi S, Iwamoto S: Regulatory SNP in 
the RBP4 gene modified the expression in adipocytes and associated 
with BMI. Obesity 2010, 18:1006-1014. 

Sell H, Eckel J: Regulation of retinol binding protein 4 production in 
primary human adipocytes by adiponectin, troglitazone and TNF-alpha. 

Diabetologia 2007, 50:2221-2223. 

Broch M, Ramirez R, Auguet MT, Alcaide MJ, Aguilar C, Garcia-Espana A, 

Richart C: Macrophages are novel sites of expression and regulation of 

retinol binding protein-4 (RBP4). Physiol Res 2010, 59:299-303. 

Tacke F, Weiskirchen R, Trautwein C: Liver function critically determines 

serum retinol-binding protein 4 (RBP4) levels in patients with chronic 

liver disease and cirrhosis. Hepatology 2008, 48:1724-1725. 

Besnard V, Nabeyrat E, Henrion-Caude A, Chadelat K, Perin L, Le Bouc Y, 

Clement A: Protective role of retinoic acid from antiproliferative action of 

TNF-a on lung epithelial cells. Am J Physiol Lung Cell Mol Physiol 2002, 

282:L863-L871 . 



doi:1 0.1 1 86/1 476-9255-1 0-3 1 

Cite this article as: Jin et al:. Low Serum retinol-binding protein-4 levels in 
acute exacerbations of chronic obstructive pulmonary disease at intensive 
care unit admission is a predictor of mortality in elderly patients. Journal of 
Inflammation 2013 10:31. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www. biomedcentra I .com/su bmit 



o 



BioMed Central 



